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'LIIHUHQWLDO 6FDQQLQJ &DORULPHWU\ FRQILUPHG WKH QHW WR EH Q\ORQ  6(0 LPDJHV VKRZHG WKDW WKH
SRO\ILODPHQWV FRQVLVWHG RI WZLVWHG PRQRILODPHQWV GLDPHWHU ± P 7KH GLDPHWHU RI WKH
SRO\ILODPHQWV ZDV DERXW PP 7KH LQYHVWLJDWLRQ FRQVLVWV RI WZRPDMRU SDUWV SURSHUWLHV RI WKH






7KH IHZRWKHU VWXGLHV UHSRUWLQJSURSHUWLHVRIZDVWHQ\ORQ ILVKLQJQHWVDOVR UHSRUWV ORVVHV0RUWDU
VSHFLPHQVZHUHUHLQIRUFHGZLWKWRZWZDVWHILVKLQJQHWILEUHV%RWKIOH[XUDOVWUHQJWKDQG
FRPSUHVVLYH VWUHQJWK GHFUHDVHG VOLJKWO\ FRPSDUHG WR WKH UHIHUHQFH EXW WKH ILEUHUHLQIRUFHGPRUWDU
VSHFLPHQVDOOVKRZHGFRQVLGHUDEOHSRVWSHDNUHVRXUFHVDQGWKHWRXJKQHVVLQGH[,ZDVDERXW)RU
FRPSDULVRQPRUWDUSULVPVZHUHUHLQIRUFHGZLWKFRPPHUFLDOILEUHVDQGIRUWKHVHWKH,ZDVDERXW
LH KLJKHU EXW WKH UHVXOWV REWDLQHG ZLWK WKH ZDVWH ILVKLQJ QHW SRO\ILODPHQWV ZHUH VWLOO KLJKO\
HQFRXUDJLQJLQUHODWLRQWRXVHDVILEUHUHLQIRUFHPHQWRIFRQFUHWH






UHJLRQ DQG WKH (8 ILQDQFHG &LUFXODU 2FHDQ SURMHFW XQGHU ZKLFK WKH SUHVHQW ZRUN LV
FRQGXFWHGIRFXVHVRQDGGLQJYDOXHWRZDVWHILVKLQJQHWVE\LGHQWLI\LQJRSWLRQVIRUXVHDV
VHFRQGDU\ UHVRXUFHV ,W LV LPSRUWDQW WR WKH HQYLURQPHQW WKDW ZDVWH ILVKLQJ QHWV DUH QRW
GLVFDUGHGDWVHD+RZHYHUZKHQWKHZDVWHILVKLQJQHWVDUHEURXJKWWRODQGWKH\DUHSLOLQJ
XSLQWKHODQGILOOV,Q*UHHQODQGIRUH[DPSOHLWDSSHDUVWKDWDOOW\SHVRISRO\PHUZDVWHILVKLQJ
QHWV DQG URSHV Q\ORQ 3( DQG 33 JR WR ODQGILOO GXH WR D ODFN RI UHXVH DQG UHF\FOLQJ
LQIUDVWUXFWXUH>@$WWKHVDPHWLPH*UHHQODQGLVFKDUDFWHUL]HGE\VFDUFLW\LQORFDOUHVRXUFHV
IRUSURGXFWLRQRIFRQVWUXFWLRQPDWHULDOVDQGIROORZLQJFRQVWUXFWLRQPDWHULDOVDUHWUDQVSRUWHG






QHHG WR ZDVKHG DQG SURSHUO\ FXW WR REWDLQ UHLQIRUFLQJ ILEHUV UHVXOWLQJ LQ D VXEVWDQWLDO
UHGXFWLRQLQFRVWVDQGHQHUJ\FRQVXPSWLRQ>@
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3UHYLRXV VWXGLHV KDYH VXJJHVWHG WR SURFHVVZDVWH ILVKLQJ QHWV LQWR ILEUHV WR UHLQIRUFH
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%HIRUHWKHWHVWVWKHVWULQJVZHUHXQWZLVWHGDQGWKHH[SHULPHQWDOZRUNZDVPDGHZLWK






SRO\PHU W\SH RI WKH ILVKQHW )RXULHU 7UDQVIRUP ,QIUDUHG 6SHFWURVFRS\ )7,5 ZDV XVHG
3HUNLQ(OPHU 6SHFWUXP 2QH PRGHO  7KH WKHUPDO GHJUDGDWLRQ DV D IXQFWLRQ RI
WHPSHUDWXUH ZDV LQYHVWLJDWHG E\ 7KHUPDO *UDYLPHWULF $QDO\VLV 7*$ DQG 'LIIHUHQWLDO
6FDQQLQJ&DORULPHWU\'6&7KHWHVWZDVSHUIRUPHGRQD7$4ZLWKDVDPSOHRIPJ







GLIIHUHQW JDJH OHQJWKVZHUH WHVWHG LQ RUGHU WR GHWHUPLQH<RXQJVPRGXOXV7KH ILEUHZDV
DQFKRUHGRQWKHSDSHUZLWK:(,&21333(FRPSRQHQWJOXH7HQVLOHORDGZDVDSSOLHGLQ











 DQG FRUUHVSRQGLQJ WRJ J DQGJ)RU FRPSDULVRQ
VLPLODUFDVWLQJVZLWK'XUXV6IURP%RQDU19FRPPHUFLDOILEUHVZHUHPDGH)RUHDFK
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PRUH URXJK WKH VXUIDFH RI WKH VLQJOH ILEUH WKH ODUJHU WKH GLDPHWHU 7KH GLDPHWHU RI D
SRO\ILODPHQWZDVDSSUR[LPDWHO\PP
)LJEVKRZVWKH)7,5VSHFWUXP8VLQJ201,&6SHFWDVKRZHG1\ORQZLWK
FHUWDLQW\ 7KHUH ZDV VRPH QRLVH RQ WKH VSHFWUXP DW ORZ ZDYHOHQJWKV GXH WR LPSXULWLHV
UHVXOWLQJLQWKHUHODWLYHO\ORZFHUWDLQW\LQGHWHUPLQLQJWKHPDWHULDOW\SH)LJDVKRZVWKH
UHVXOWV IURP'6& 7KH ILQDO ZDUPXS \HOORZ LV WKH KHDWLQJ IORZ IRU WKH WUXH SRO\PHU
ZLWKRXW LPSXULWLHV 7KH PHOWLQJ SRLQW FRUUHVSRQGV WR WKH ORZHVW SRLQW LH & 7KH
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    
    
    







± 03D IRU WKHLU PRQRILODPHQW UHF\FOHG ILVKLQJ QHWV ZKLFK LV DOVR YHU\ ORZ
FRQVLGHULQJWKDW<RXQJVPRGXOXVQ\ORQDWWKHYLUJLQVWDWHLVLQWKHUDQJH±*3D
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RI ILEUHVZKLFK VKRZHGGLYLGHG VWUHQJWKZDV VLJQLILFDQWO\ KLJKHU WKDQ IRU WKH XQWUHDWHG
ILEUHV,QDGGLWLRQ5ZDVRQO\IRUWKHǻ/)YVO$SORWVWRGHWHUPLQH(PRGXOXV$










IRUQHZQ\ORQ7KHSDFNLQJGHQVLW\PLJKWYHU\ZHOOEH OHVV WKDQRSWLPDOEXW LW VHHPV
XQOLNHO\ WKDW WKH SDFNLQJ GHQVLW\ZDV OHVV WKDQ  3UHYLRXV VWXGLHV UHSRUWHG D WHQVLOH
VWUHQJWKVRIZDVWHILVKLQJQHWPRQRILODPHQWILEUHVRIQ\ORQDUH03D>@DQG03D
>@7KXVLWVHHPVDVWKHWHQVLOHVWUHQJWKRIZDVWHILVKLQJQHWVLVJHQHUDOO\OHVVWKDQWKHUDQJH
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ILEUHV DIWHU GD\V DUH VKRZQ LQ)LJ $V H[SHFWHG WKHXQUHLQIRUFHGPRUWDU VSHFLPHQ
H[KLELWHGEULWWOHEHKDYLRXULQEHQGLQJGXHWRDVXGGHQUXSWXUHRQUHDFKLQJWKHSHDNORDG)LJ
D±F 7KH ILEUHUHLQIRUFHG PRUWDU VSHFLPHQV DOO VKRZHG FRQVLGHUDEOH SRVWSHDN











$IWHU  GD\V RI FXULQJ WKH ORDG GHIOHFWLRQ FXUYHV DIWHU SRVWFUDFNLQJZHUH VRPHZKDW
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VSHFLPHQVWKDQIRU WKHUHIHUHQFH,Q WKHWZRUHIHUHQFHV WKHGD\VIOH[XUDOVWUHQJWKZDV
ORZHU03DDQG03DWKDQLQWKHSUHVHQW03D7KHHIIHFWIURPWKHILEUHVPXVW
EHH[SHFWHGVWURQJHUIRUDZHDNHUPRUWDUDQGWKLVFDQH[SODLQWKHGHFUHDVHGIOH[XUDOVWUHQJWK
LQ WKHSUHVHQW LQYHVWLJDWLRQ7KH IOH[XUDO VWUHQJWKGHFUHDVHVZLWK LQFUHDVLQJ ILEUH FRQWHQW
)LJ
7KHGD\VFRPSUHVVLYHVWUHQJWKRIWKHUHIHUHQFHPRUWDUZDV03DDQGIRUDOO
ILEUH UHLQIRUFHG PRUWDU VSHFLPHQV WKH FRPSUHVVLYH VWUHQJWK ZDV ORZHU )LJ  7KH




























































254  Waste Management and the Environment IX
 
 www.witpress.com, ISSN 1743-3541 (on-line) 















7KH LQYHVWLJDWHG ZDVWH ILVKLQJ QHW RI Q\ORQ  KDYH ORVW WHQVLOH VWUHQJWK DQG HODVWLFLW\
FRPSDUHGWRQHZQ\ORQ6WLOOSRO\ILODPHQWILEUHVFXWIURPWKHZDVWHILVKLQJQHWVKRZHG


























FP FP FP FP 'XUXV
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>@ %HUWHOVHQ,0*	2WWRVHQ/0(QJLQHHULQJSURSHUWLHVRIILEUHVIURPZDVWHILVKLQJ
QHWV International Conference on Materials, Systems and Structures in Civil 




PRUWDUUHLQIRUFHPHQWConstruction and Building MaterialsSS±
'2,MFRQEXLOGPDW
>@ 2UDVXWWKLNXO68QQR'	<RNRWD+(IIHFWLYHQHVVRIUHF\FOHGQ\ORQILEHUIURP













>@ 0XNKRSDGK\D\6.0DQXIDFWXULQJSURSHUWLHV DQG WHQVLOH IDLOXUHRIQ\ORQ ILEUHV
Handbook of Tensile Properties of Textile and Technical Fibres. A Volume in 
Woodhead Publishing Series in TextilesSS±
>@ $670&6WDQGDUGWHVWPHWKRGIRUIOH[XUDOWRXJKQHVVDQGILUVWFUDFNVWUHQJWKRI
UHLQIRUFHGFRQFUHWHXVLQJEHDPZLWKWKLUGSRLQWORDGLQJ
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